Primary malignant mesothelioma (MM) of spermatic cord is extremely rare. We presented two malignant mesotheliomas involving the spermatic cords; one was primary, one secondary. The secondary one represented the direct involvement by a peritoneal MM. No occupational exposure to asbestos was identified in either patient. Both of them presented with a painless inguinal mass. Microscopically the primary MM was epithelioid type with tumor nests infiltrating adjacent adipose tissue, while the secondary MM grew in mixed type. No tumor necrosis was seen in the primary MM, while extensive necrosis was seen in the secondary one. Rare mitotic figure was seen in the primary MM while the mitosis in the secondary tumor was brisk, and with atypical mitosis. Immunohistochemically the tumor cells were positive for calretinin and CK5/6 and negative for BER-EP4 and BRST3 in both cases. The reported cases of primary MM from spermatic cord in English literature were briefly reviewed.
Introduction
Malignant mesothelioma (MM) is a tumor of mesothelial cell origin, mostly arising from the pleura, peritoneum and pericardium. Only 0.3% to 1.4% of MM is presented as a paratesticular mass arising from the mesothelial lining that surrounds the testicle, the tunica vaginalis. [1] [2] [3] [4] In most cases of malignant mesothelioma, occupational exposure to asbestos is thought to be the cause, but environmental exposure can also cause it. For example, the family member of an asbestos worker can expose to asbestos fibers from close contact. Primary MM arising from the spermatic cord is extremely rare; to our knowledge, only 9 cases were reported in the English literature. Here we reported a primary MM arising from spermatic cord in a 45 year old Caucasian patient (case 1) and a secondary MM involving spermatic cord from a 68 years-old man (case 2).
Method
The database of the Department of Pathology and Laboratory Medicine of the University of Pennsylvania was searched for malignant mesothelioma and spermatic cord. Two cases of malignant mesothelioma involving the spermatic cords were identified. This study was approved by the University of Pennsylvania Institutional Review Board.
Immunohistochemistry
Imunohistochemistry of formalin fixed paraffin embedded tissue was performed using antibodies against calretinin (Invitrogen 18-0211; 1:75 dilution), cytokeratin 5/6 (Dako M7237; 1:10 dilution), BRST-3 (Signet 3612-1000; 1:10 dilution) and epithelial antigen BerEp4 (Dako M0804; 1:50 dilution). Immunohistochemistry was done on a Leica Bond™ instrument using the Novocastra Bond Polymer Refine Detection System. Heat induced epitope retrieval was done for 20 minutes with ER2 solution (Leica Microsystems AR9640) for Calretinin, Cytokeratin and ER1 solution (Leica Microsystems AR9961) for BRST3 and BerEp4.
Case Report #1
The patient was a 45 year-old Caucasian man who presented with a painless left inguinal mass for 4 months. His urology history was notable only for a previous vasectomy. An ultrasound of scrotum revealed thickening of the soft tissue just deep to the subcutaneous fat in the left inguinal region, measured 2.5 cm in thickness. No bowel or bladder symptoms were present. The laboratory tests were normal including normal complete blood count. Imaging studies of chest and abdomen were negative. Both of testicles and epididymis were of normal, no intra-testicular mass was seen. The patient underwent resection of the left inguinal mass as well as part of the spermatic cord via an inguinal incision. He had no known history of exposure to asbestos. The patient did not received any radiation or chemotherapy and was alive without evidence of disease 6 month after surgery.
Case Report #2
The patient was a 68-year-old man with symptomatic right inguinal hernia, which had been present for many years. Physical examination showed a very firm mass within the hernia sac. Laboratory blood tests showed only mild anemia. The patient also had history of intraabdominal malignant mesothelioma. The patient underwent right inguinal hernia repair and resection of the inguinal lesion and orchiectomy. The patient was lost to follow up after surgery.
Results

Pathology: first patient
The gross specimen showed red-tan rubbery tissue with small amount of attached fat. Cut surface showed pale-tan to red rubbery tissue. Microscopically, epithelioid cells grew in nested patterns. The tumor infiltrated into the surrounding adipose tissue of the vas deferens ( Figure 1A ). The nuclei of tumor nuclei were centrally located with small yet distinct nucleoli ( Figure 1B) . No tumor necrosis was identified. No lymphovascular invasion was seen. Occasional mitotic figures were present. The diagnosis was malignant mesothelioma, epithelial type, infiltrating into the surrounding soft tissue and encircling the vas deferens.
Pathology: second patient
Grossly the specimen was composed of right spermatic cord and testicle, measured 16¥6¥3.5 cm overall. A white, firm and lobulated mass was located within the spermatic cord, 0.1 cm away from the spermatic cord margin. The testicle was unremarkable. Microscopically, there was a malignant mesothelioma growing in a mixed pattern ( Figure 1G ). The 
The epithelioid component grew either in tubulopapillary or nested pattern. Mitosis was brisk (~19/10 HPF) with atypical mitosis ( Figure 1H ). The diagnosis was malignant mesothelioma, mixed type.
Immunohistochemistry
Immunohistochemical stains for calretinin ( Figure 1C ) and CK5/6 ( Figure 1D ) with adequate control were performed on both cases and showed that the tumor cells from both cases were positive for these two markers, and negative for Ber-EP4 ( Figure 1E ) and BRST 3 ( Figure 1F ).
Discussion
MM can involve spermatic cord, either as a primary or secondary tumor. Primary MM arising from the processes vaginalis around the spermatic cord is extremely rare. To our knowledge, only 10 cases are available including 9 cases from the literature review and one of our cases (Table 1) . [5] [6] [7] [8] [9] [10] [11] The patient age ranges from 26-74 years with an average age of 47. Eight cases are from left side and two right. The patients most commonly present with painless inguinal mass. Six cases have clinical information of asbestos exposure available and none of them is positive. 12 Seven indicate tumor histologic types with epithelioid type in 5 of them and mixed in 2 of them.
The differential diagnosis of a tumor involving the inguinal area is broad. First of all, the tumor needs to be put into the right histological category. This can be achieved by morphological examination with the aid of immunohistochemical stains such as broad spectrum cytokeratins, melanocytic markers such as HMB-45, melan A, lymphoma markers such as leukocyte common antigen, calretinin, and other markers relevant sarcoma markers.
If the tumor is determined to be a mesothelial lesion, the differential diagnosis in this site includes reactive mesothelial hyperplasia and benign mesothelial tumor such as adenomatoid tumor or MM. The mesothelial cells are positive for calretinin, cytokeratin CK5/6 and negative for BRST3 and Ber-EP4, like in our cases. Such immunostaining profile may help to determine the mesothelial origin; however, to determine whether the tumor is benign or malignant, careful morphological examination of the tumor, looking for cytological atypia and tumor infiltration into the surrounding soft tissue are critical.
If a MM is rendered, the next critical issue is to differentiate whether the tumor is a primary or part of peritoneal MM. In our first case, there were no evidences of tumors in thoracic cavity, pericardium, peritoneum or testicle; therefore it was a primary MM in spermatic cord, likely from the remnant mesothelium of patent processus vaginalis from the hernia repair. The second case, however, represented the involvement of spermatic cord by a peritoneal MM. It is imperative to exclude the primary tumors in peritoneal and Case Report thoracic cavity and other common sites before a diagnosis of primary MM in spermatic cord is rendered. The optimal treatment for malignant mesothelioma of spermatic cord is yet to be determined. Current first line of treatment appears to be inguinal radical orchiectomy, which in combination of early tumor stage at the time diagnosis may result in a slightly better prognosis.
Conclusions
Primary MMs in spermatic cord are aggressive tumors capable of local recurrent and lymphatic and hematogeneous metastases: 57% of the patients have the disease recurred within 2 years in the limited number of reported cases (Table 1) , comparable to the 60% of patients of paratesticular MMs. 13, 14 The number of primary cases reported in spermatic cord is too small to decipher a meaningful mortality rate and prognostic factors; however, it has been shown that in paratesticular MMs 30% of patients die after a median survival of 24 months and age of the patient appears to be the most important prognostic factor. 13, 14 Patients younger than 60 years have better chance of survival in paratesticular MMs. 2, 13, 14 
